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Airway inflammatory disease was induced with organic dust extract (ODE) from swine 
confinement operations whereby arthritis susceptible DBA/1J strain mice between 6-8 weeks of 
age received daily intranasal instillation of ODE or saline for 5 weeks. Collagen-induced 
arthritis (CIA) was induced as per Chondrex protocol whereby chick type II collagen emulsified 
in Freund’s complete adjuvant was injected subcutaneously at day 1 and week 3. Mice were 
euthanized 4-5 hours after final exposure for experimental study endpoints. Data are presented 
as the mean ± standard error of mean (SEM). Statistics were performed using ANOVA with 
Tukey’s post-hoc test. All animal procedures were in accordance with the NIH guidelines for the 
use of rodents and were approved by the Institutional Animal Care and Use Committee of the 
University of Nebraska Medical Center. 
Figure  3. Inhalant organic dust extract (ODE) exposure potentiates collagen-induced 
arthritis (CIA) and systemic inflammatory and autoantibody response. 
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RESULTS
Figure1. Organic dust extract (ODE)-induced airway inflammatory cell influx and 
mediator release is reduced in the setting of collagen-induced arthritis (CIA).
Figure 2. Organic dust extract (ODE)-induced lung pathology is altered in the setting of 
collagen-induced arthritis (CIA)
DISCUSSION
Table 1: Experimental endpoints in female mice that differed with 
those in male mice
1Statistical difference vs. sham denoted (*p<0.05, **p<0.01); between ODE and CIA+ODE denoted 
(##p<0.01); vs. CIA denoted (^p<0.05 and ^^p<0.01).  N=5 mice/group. 2Data represent the difference 
induced by treatments divided by sham of proximal tibia. 3Statistical differences between females vs. 
males of same exposure denoted with letter when p<0.05 for sham (a), CIA (b), ODE (c), and 
CIA+ODE (d) groups and arrow represents direction of difference of female findings as compared 
to males. 
Asthma, chronic 
bronchitis and COPD are 
common adverse 
respiratory health effects 
among persons exposed 
to agriculture organic dust 
work environments. 
A  panel, A  representative (4-5 μm thick) H&E stained lung section of one mouse per treatment group. N=9-10 mice/group from 2 independent studies. B 
panel, A representative Masson’s Trichrome (collagen=blue) stained section for each treatment group. C panel, Increased collagen staining in ODE and 
CIA+ODE when images converted to pixels using imageJ analysis (N=5 images/mouse; 4 mice/group)  D panel, Levels of hyaluronan, fibronectin, and 
amphiregulin (AREG) from ½ lung homogenates shown. N=5 mice/group.  Statistically significant (*p<0.05, **p<0.01, ***p<0.001) versus saline or as indicated.  
Images shown at 10x magnification with line scale of 100μm. 
§ Occupational inhalant exposures have been increasingly 
associated with the risk of rheumatoid arthritis (RA) disease 
development, particularly among males.  Agriculture workers have 
increased risk of RA and generalized bone disease.
§ Chronic lung disease is associated with production of characteristic 
autoantibodies associated with RA (e.g. anti-citrullinated 
antibodies), even in absence of RA disease.
§ The mechanistic link between pulmonary inflammation and arthritis 





ODE: Organic dust extract
CIA: Collagen-induced arthritis
A, Line graph depicts mean with standard error bars of arthritis inflammatory score at respective time points from treatment groups.  Statistical difference versus sham 
denoted as “a” (p<0.05); versus ODE denoted as “b” (p<0.05).  N=9-10 mice/group from 2 independent studies. Serum levels of the acute phase reactant protein 
pentraxin-2 (B) and  cyclic citrullinated peptide IgG antibody (C) as determined by ELISA. Statistical difference versus sham (*p<0.05, **p<0.01, **p<0.001) and 











































































Figure 1. Bar graphs depict mean with standard error bars of cells and mediators from treatment groups.   A panel, Total cells, neutrophils, macrophages, and 
lymphocytes enumerated from bronchoalveolar lavage fluid (BALF).  N=9-10 mice/group from 2 independent studies B panel, Tumor necrosis factor (TNF)-α, 
interleukin (IL)-6, murine neutrophils chemoattractants (CXCL1 and CXCL2), and amphiregulin (AREG) levels determined by ELISA.  N=9-10 male mice/group from 














Arthritis score: Week 1 0.0±0.0 0.2±0.12 0.7±0.12** 0.6±0.19* c↑, d↑
Arthritis score:  Week 3 0.0±0.0 0.4±0.19 0.4±0.19 0.2±0.12 d↓
Arthritis score: Week 4 0.0±0.0 0.5±0.35 0.5±0.22 0.3±0.12 d↓
Arthritis score: Week 5 0.0±0.0 0.5±0.29 0.2±0.2 0.2±0.2 d↓
Bone mineral density2 1.00 ± 0.01 1.03 ± 0.01 0.98 ±0 .02 1.01 ± 0.01 b↑, d↑
Trabecular number2 1.00 ± 0.03 0.78 ± 0.08* 1.05 ± 0.10 0.951± 0.08 d↑
BALF TNF-α (pg/ml) 0.0±0.0 0.6±0.4 15.9±9.9**,# 0.1±0.1 c↓,d↓
BALF IL-6 (pg/ml) 0.3±03 0.4±0.4 213.6±80.0** 101.7±34.0* c↓,d↓
BALF CXCL1 (pg/ml) 0.1±0.1 155.7±51.4* 274.1±67.4* 139.5±19.0* c↓
BALF CXCL2 (pg/ml) 0.0±0.0 50.7±12.4** 69.6±23.3** 29.1±5.8** c↓,d↓
Lung Hyaluronan (ng/ml) 473±6 624±47* 895±113**,^ 864±44**,^ a↓,d↓
Lung Fibronectin (ng/ml) 223±27 317±88 277±31 397±21** c↓,d↓
Lung Amphiregulin (pg/ml) 70±19 12±12* 501±70***,^^ 242±36 b↓, d↓
Bronchiolar lung score 0.0±0.0 0.25±0.25 1.25±0.25** 1.0±0.3* d↓














































































































































H&E staining Masson’s Trichrome stainingB C
D
A B C § Autoimmune arthritis induction modulates the lung response to inhalant agricultural 
organic dust extract exposures, impacting the inflammatory-interstitial disease 
process.
§ The greatest degree of arthritis and systemic inflammatory and autoimmune 
response occurred in male mice with combined exposures.
§ Data support suppression of the lung inflammatory response but increases in 
extracellular matrix protein deposition/interstitial disease in the setting of arthritis.
§ Congruent with epidemiologic findings, male mice were most susceptible to lung and 
articular disease resulting from organic dust extract exposures.
§ This co-exposure model could be exploited to better understand and treat 
inflammatory lung disease associated with rheumatoid arthritis.
Arthritis induction impacts the airway inflammatory response 
to repetitive agriculture organic dust exposure
Bone disease 
and arthritis
?
